The purpose of this study was to evaluate the effect of pelvic exercise on standing balance in patients with incomplete cervical spinal cord injury for healthy rehabilitation. 11 patients (8 men and 3 women) with levels of incomplete injury between cervical 3 and cervical 6 who were participated in a study measuring the standing balance using an interactive balance system (IBS) before and after pelvic exercise. The index of standing balance after pelvic exercise was significantly lower than before exercise in patients with incomplete cervical cord injury. The greatest improvements were observed in incomplete cervical spinal cord injury with neurologic levels of cervical 3 and 4 with Brown-Sequard syndrome. These results suggest that the pelvic exercise for rehabilitation significantly improved in part standing balance in patients with incomplete cervical spinal cord injury.
Introduction
Patients with injury of central nervous system such as brain and spinal cord commonly suffer from significant impairments including paralysis, loss of voluntary motor control, and muscle atrophy [1] [2] [3] . Improvements in emergency medical management of spinal cord injury (SCI) patients has also led to a higher proportion of patients presenting with incomplete rather than complete neurologic injuries when compared with past statistics [4] . Approximately half of all traumatic SCI cases are cervical lesions [5] . Trauma to the spinal cord is a particularly devastating injury that often results in loss of sensation and voluntary activity below the level of the injury [6] . Incomplete SCI frequently disrupts the afferent and efferent neural pathways involved in co-requisite voluntary and involuntary muscle activation, which are needed for functional standing and walking [7] . A significant number of persons with incomplete SCI can be retrained in the ability to walk [8] . Balance is an important problem for a majority of ambulatory patients with incomplete SCI. Poor balance can contribute to an increase in falls and related injuries [9, 10] . The importance of the hip muscle has recently been recognized for its role in improvement of static postural stability [11] .
From a neuromuscular aspect, all muscle groups of the lumbar-pelvis-hip complex are active in improving static postural stability and assisting in a return to equilibrium after perturbation [12] . However, central neuropathies such as SCI and stroke usually reduce the strength of core muscles and adversely affect the corresponding functional ability for standing [13] . A reduction in core strength often results a reduction in hip extension [14] . In addition, gait deviations commonly observed after SCI include inadequate hip extension in stance because of tightness or spasticity of iliopsoas muscle [15] . Therefore, the reduction in hip extension causes an increased anterior pelvic tilt and poor balance [14] . Physical therapy for SCI primarily concerns restoration of standing balance for walking. Therefore, pelvic exercise training improves the functional abilities of patients and promotes their independent living in their communities. To our knowledge, few studies have been conducted to determine the effectiveness of pelvic exercise in the treatment of balance problems in patients with incomplete cervical SCI. We felt that a need existed for a study investigating the effect of pelvic exercise on standing balance in these patients. We have measured the effect of pelvic exercise on the changes in balance during standing in patients with incomplete cervical SCI, before and after pelvic exercise, using an interactive balance system.
Materials and Methods
From November 2010 to December 2011, all patients with standing balance were measured using an interactive balance system before and after pelvic exercise. Measurements were taken from 11 (men = 8, women = 3) incomplete cervical SCI patients. Criteria for inclusion in the study were as follows: 1) a less than 1 year of duration of SCI; 2) ability to stand independently for at least 32 seconds without any assistive device; and 3) ability to stand independently with eyes closed for 32 seconds. Exclusion criteria were: 1) Pain during neck active motion; 2) dizziness during eye closing in a standing posture; and 3) presence of orthopedic or neurological conditions in addition to the SCI. All patients were rated D according to the ASIA impairment scale [16] . One session incorporated pelvic exercise (30 minutes). The treatments were performed according to the concept of massage, stretching, and strengthening exercises performed in a regular sequence. The massage and stretching were applied to the muscles of the pelvic anterior tilt (hip flexor, trunk extensor, quadrates lumborum) for improvement of pelvic range of motion [15, 17] . Muscle strengthening exercise was applied to the muscles of the pelvic posterior tilt (hip extensor, abdominalis muscle) to reduce pelvic anterior tilt and to increase hip extension. Every participant was evaluated at each session. Each session included the assessment of static standing balance using the interactive balance system (IBS) (Tetrax Inc., Israel). This system uses four separate platforms, each measuring the vertical pressure fluctuations induced by the two heels and toe parts. A pattern analysis of the postural performance of the above measurements was conducted at the following eight positions: head straight with eyes open (NO); head straight with eyes closed (NC); standing on elastic pads with eyes open (PO); standing on elastic pads with eyes closed (PC); head right with eyes closed (HR); head left with eyes closed (HL); head up with eyes closed (HB); and head down with eyes closed (HF). The measuring period in each case was 32 seconds. Fourier transformations were derived from four independent wave signals and presented in the form of a spectrum; these frequency bands were divided into four categories: low (0.01 -0.1 Hz); medium-low (0.1 -0.5 Hz); medium-high (0.5 -1.0 Hz); and high (1.0 Hz and above). The F1 (Low frequency; 0.01 -0.1 Hz) are linked visual control, and they typically dominate normal steady and undisturbed posture. The F2-4 (medium-low; 0.1 -0.5 Hz) are sensitive to vestibular stress and disturbances. The F5-6 (medium-high; 0.5 -1.0 Hz) reflect somatosensory activity by the lower extremities and spine. The F7-8 (high; 1.0 Hz and above) are often induced by dysfunctions in the central nervous system. The weight distribution index (WDI) was measured for weight distribution over the four platforms. The stability index (SI) represents the status of the general postural stability [18] . Standing balance was evaluated twice, once at pre-intervention and once at post-intervention. All patients provided their informed consent to participation in the study, and the protocol for the study was approved by the Committee of Ethics in Research of the University of Yongin, in agreement with the terms of Resolution 5-1-20, December 2006. The existence of a statistical difference between the standing balance before and after pelvic exercise treatment was assessed by performing Wilcoxon's signed-rank test. Statistical significance was set at the 5% level. SPSS for Windows (version 12.0) was used for analysis in this study.
Results
We enrolled 11 incomplete cervical SCI patients in our study. Table 1 presents details about the participants. The ages ranged between 22 and 55 years (mean 37.5 ± 11.0), three of the patients were female, and all subjects were inpatients in primary rehabilitation (times after injury between 4 and 8 months, mean 6.3 ± 1.7). Levels of the SCI were between cervical 3 and cervical 6. Six patients were diagnosed with central cord syndrome and five patients with Brown-Sequard syndrome. Four healthy subjects without neurological and musculoskeletal disorders were also involved as controls for comparison with patients on standing balance. Mean age of the healthy subjects was 31.0 years (SE 28.3; range 29 -35). A statistical difference was found between the healthy control subjects and all 11 incomplete cervical SCI patients on standing balance (Figure 1) . Pelvic exercise led to a substantial improvement in standing balance of the 11 patients. The results were categorized as follows: 1) the medians of all results from the test positions (NO-HF); and 2) the medians of all results from the each test position (NO-HF) in the frequency ranges F1-F8, WDI, and SI. All standing balance index measurements were not significantly different for all patients, at the level of cervical 3/4 and the level of cervical 5/6 before the treatment. However, all standing balance indexes were significantly higher in Brown-Sequard syndrome subjects than in central cord syndrome patients before the treatment (Figure 2) . The medians of all results from the test positions (NO-HF) were as follows: in patients, standing balance index after pelvic exercise was significantly lower than before exercise. The results by classification injury level showed that total subjects had significant decreases of the F1, F2-4, F5-6, F7-8, WDI, and SI. Patients with a level of cervical 3/4 also showed significant decreases in the F1, F2-4, F5-6, F7-8, WDI, and SI. Patients with a level of cervical 5/6 also showed significant decreases in the F1, F2-4, and WDI. The decrease was greater in subjects with a level of cervical 3/4 than in patients with a level of cervical 5/6 (Figure 3) . The results by classification injury syndrome showed that patients with a level of cervical 3/4 with central cord syndrome showed significant decreases in the F1, F2-4, F5-6, and SI. Those in level of cervical 3/4 with Brown-Sequard syndrome also showed significant decreases in the F1, F2-4, F5-6, F7-8, WDI, and SI (Figure 4) . The change was greater in subjects with a level of cervical 3/4 with Brown-Sequard syndrome than in subjects with Table 2 ). Total subjects with a level of cervical 3/4 and subjects with a level of cervical 3/4 with Brown-Sequard syndrome showed significant decreases in the frequency range F2-4 (representing the vestibular system) in test positions NC, PC, and HB ( Table 2) . Most subjects, exclusive of level of cervical 5/6, showed significant decreases in the frequency range F5-6 (representing the somatosensory system) in test positions PC, HR, HB, and HF ( Table 3) . The most subjects, exclusive of level of cervical 3/4 with central cord syndrome, showed significant decreases in WDI in test position HF. All patients showed significant decreases in SI in test osition HB (Table 4) . 
Discussion
and the clinical syndromes (central cord injury, BrownSequard) were controlled. In spite of the small sample, analysis of data produced significant results and provided some new findings regarding the relationship between levels of injury and standing balance. The analysis of the data also revealed a relationship between clinical syndrome and standing balance Data analysis also divided This study examined the relationship between pelvic exercise and standing balance in patients with incomplete cervical SCI. A limitation for this study is its small sample size, which limits the generalizability of the findings. Therefore, the level of injury (between cervical 3 and 6) . each test position (NO-HF) in the frequency ranges F1-F8, WDI, and SI. This study was based on hypothesis that pelvic exercise would result in the improved standing balance in patients with incomplete cervical SCI. We showed that pelvic exercise promoted an improvement in standing balance in these patients. All standing balance indexes were significantly lower after the treatment than before. The greatest before session and after session differences were measured in patients with levels of cervical 3/4 and Brown-Sequard syndrome. Incomplete cervical SCI patients exhibit forward bending of the trunk and anterior tilt of the pelvis due to weakened muscle strength [14] , shortened muscle length [15] , and loss of sensation in the pelvis. This problem may impair ability to maintain standing balance and walking. According to current information, very little is known about the contribution of the lower limbs and upper portions of the body to the adaptation of the gait pattern in patients with incomplete SCI. The main functions of the pelvis and trunk are to maintain body equilibrium and achieve smooth locomotion [19] . The present study showed that all standing balance indexes were significantly lower after the treatment than before. Kim et al. [20] quantified the relationship between individual lower extremity muscle strength (hip flexors/extensor/abductors, knee flexors/extensors, ankle doesiflexors/plantarflexors, and great toe extensors) and functional walking (gait speed, 6-min walk distance, and ambulatory capacity). Their results suggest that walking performance is mainly focused on proximal lower extremity muscle strength, in particular that of hip flexors, hip extensors, and hip abductors. This may imply that proximal lower extremity muscle strength may improve standing balance, walking, and reduction in the fear of falling. In the present study, all participants showed that F2-4 was significantly lower after the treatment than before. Krebs et al. [21] reported that bending the trunk forward during walking has also been reported for subjects with balance deficits due to vestibulopathy. These results suggest that excessive trunk flexion during gait and decreased transverse rotation may increase locomotor stability by positioning the center of gravity more anterior over the base of support. It may imply that reduced pelvic anterior tilt and forward bending of trunk may improve peripheral-vestibular and standing balance. According to Silkwood-Sherer et al. [22] , greater pelvic displacement increases somatosensory input though the joints and muscles. In the present study, all participants showed that F5-6 was significantly lower after the treatment than before. For the results of each test position, the frequency range F1 showed significant decreases in the test position HF. The frequency range F2-4 showed significant decreases in the test positions NC, PC, and HB. The frequency range F5-6 showed significant decreases in the test positions PC, HR, HB, and HF. The WDI showed significant decreases in the test position HF. The SI showed significant decreases in the test position HB. Looking at these results, decreases in the test positions NC, PC, HR, HB, and HF were significant. For all of these positions, the eyes were closed. In addition, in the test position PC, the somatosensory input was blocked out. The test positions HR, HB, and HF were associated with vestibular stress. This may imply that activation of somatosensory and vestibular functions may compensate for visual deficits. Therefore, this can be explained as activation of the somatosensory and vestibular systems by pelvic exercise. Most previous studies on standing balance have mainly evaluated the effects of therapeutic exercise on somatosensory, visual, and vestibular information. In contrast, the present study evaluated integration of somatosensory, visual, and vestibular effects of pelvic exercise on standing balance. The posture and balance regulation is the result of an integration of various multi-sensory processes. That is, pelvic exercise increased activation of somatosensory, visual, and vestibular information for standing balance. The present study indicated that pelvic exercise training resulted in improved standing balance in patients with incomplete cervical SCI. We showed that pelvic exercise brings about an improvement in the form of a short-term effect on standing balance in incomplete cervical SCI patients. Further studies regarding the duration of the effect are necessary and will be performed with assessment of dynamic standing balance, comparing it with other interventions. In summary, pelvic exercise is a valuable supplement to the conventional physiotherapy approach in standing balance rehabilitation of incomplete cervical SCI patients.
